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428 The Journal of Thoracic and Cardbjective: Videothoracoscopic sympathecomy is a widely used treatment modality
n patients with severe Raynaud disease, but the reported late results are less than
avorable. There have been no direct studies of the long-term effect of sympathec-
omy on microcirculation in the hands of these patients.
ethods: In 25 patients with Raynaud disease treated with videothoracoscopic
h2-Th4 sympathectomy, we performed basal laser-Doppler flowmetry and mea-
ured the maximal refilling time after 1-minute occlusion measurements preopera-
ively and at 1 week, 6 months, and 1, 2, 3, and 5 years after the sympathectomy.
he results were compared with the same measurements obtained in the group of 50
ealthy individuals.
esults: The patients’ symptom severity was assessed by using the visual
nalogue scale. The basal capillary flow and the maximal refilling time improved
fter the sympathectomy to a level not different from that seen in the healthy
opulation, and the effect was maintained during the 5-year follow-up period.
he patients’ symptom severity scores diminished to zero in the early postop-
rative period and increased to 28% of their initial value 5 years after the
peration.
onclusions: The videothoracoscopic Th2-Th4 sympathectomy produces excellent
nd long-lasting improvement of microcirculation function in patients with Raynaud
isease. The mild return of symptoms might be due to factors other than the
apillary blood flow alterations.
ideothoracoscopic sympathecomy is a widely used treatment modality in
patients with palmar hyperhidrosis and severe Raynaud disease (RD).
There is a large body of evidence regarding the safety and effectiveness
f this method, but the results in patients with RD are uniformly worse than
esults in patients with hyperhidrosis. In most studies published to date, how-
ver, the results were assessed by using nonobjective tools, such as visual
nalogue scales (VASs) and different symptom scores.1-8 These tools, although
aving the advantage of giving a general view on patients’ self-assessment,
ight not be accurate in determining the changes in microcirculation itself
ecause of the cumulative influence of many other factors on patients’ symp-
oms. Moreover, data regarding the long-term effect of thoracic sympathectomy
n the microcirculation in the hands of patients with RD are lacking. To clarify
he long-term effect of thoracic sympathectomy on the microcirculation in the
ands of patients with primary RD, we have performed a prospective study using
aser-Doppler measurements with a 5-year follow-up period.
iovascular Surgery ● June 2007
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TSaterials and Methods
ubjects
he study protocol was accepted by the institutional review board.
ll the patients received detailed information regarding diagnostic
nd therapeutic modalities, and the potential risks and benefits
ere discussed. Informed consent was obtained from all patients.
The control group consisted of 50 healthy volunteers (25 men
nd 25 women) with a mean age of 23.4 years (range, 19-27 years).
The RD group consisted of 25 patients with refractory RD
eferred to our department in the period from 1997 through 2000.
here were 7 men and 18 women with a mean age of 27 years
range, 17-49 years). Diagnosis of RD was made based on the
edical history of typical symptoms. In all the patients, the pri-
ary RD was confirmed by excluding thyroid gland disorders and
heumatoid and autoimmune disease. The diagnostic work-up in-
luded physical examination, testing for antinuclear antibodies and
heumatoid factor, and assessment of thyroid hormones levels.
nly the patients who did not respond to the medical treatment
bencyclane, Ca-channel blockers, pentoxyphilline, buflomedil,
nd topical nitroglycerin) were included in the study. Palmar
yperhidrosis was present in all of them. The assessment of mi-
rocirculation in the hands consisted of basal capillary flow and the
aximal refilling time after 1-minute occlusion measurements.
echnique of Laser-Doppler Examination
e used the Perimed Master 4001 laser-Doppler flowmeter (Per-
med) combined with the Capy Flow software package designed
or data acquisition and analysis. The flowmeter was equipped
ith a standard 633-nm transducer, which was fixed on the level of
nail wall. The test was performed in a soundproof room (tem-
erature, 21oC–23oC) after 15 minutes’ rest in a comfortable
itting position. The basal capillary flow was recorded for 5 min-
tes, and then the test for hyperemia was performed. The pressure
uff was placed on the level of the proximal phalanx and inflated
o a pressure of 200 mm Hg. The 1-minute occlusion was applied
t the moment of complete cessation of blood flow. The cuff was
eflated in 1 second, and the maximal refilling time was measured
Figure 1). The unit of measurement used for reporting of the
lood flow was the Periflux unit (PU). Capillaroscopy was rou-
inely performed. The baseline severity of patients’ symptoms,
oth of RD and those of excessive sweating, was assessed by using
he VAS (minimal severity, 0; maximal severity, 10).
perative Technique
n the preoperative period, chest radiography, spirometry, and
tandard blood and urine tests were performed. Videothoraco-
copic sympathectomy was performed by the same team of sur-
eons using the following uniform technique. General anesthesia
Abbreviations and Acronyms
CI  confidence interval
PU  Periflux unit
RD  Raynaud disease
VAS visual analog scaleas induced, and the patient was intubated with a double-lumen b
The Journal of Thoracicigure 1. The basal blood flow and the postocclusive hyperemia
est. A, Typical curve in a healthy individual. Note the short maximal
efilling time after the 1-minute occlusion. B, Characteristic curve in
patient with Raynaud disease (RD). The maximal refilling time after
he 1-minute occlusion is relatively long. C, A patient with RD 5 years
fter sympathectomy. The maximal refilling time after the 1-minute
cclusion is maintained at the normal level. PU, Periflux unit; Bf,
asal flow;1, occlusion; M, maximal refilling time.
and Cardiovascular Surgery ● Volume 133, Number 6 1429
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TSndotracheal tube and positioned in the standard lateral decubitus
osition with a roll under the flank. We used the 2-trocar approach:
ne for the rigid 30o telescope placed in the midaxillary line in the
ixth intercostal space and the second for the coagulating hook
laced in the midaxillary line in the fourth intercostal space.
fter achieving the spontaneous collapse of the lung, the sym-
athetic trunk was identified. The sympathetic thoracic ganglia
second, third, and fourth) were dissected and coagulated with a
autery. The tissues along the second rib were coagulated with a
autery at the distance of 2.5 cm to divide the nerve of Kuntz.
ilateral sympathectomy was performed during the same proce-
ure. The 28F chest tube was routinely used to allow lung re-
xpansion. All patients were extubated in the operating theater.
he postoperative analgesia regimen included subcutaneous ad-
inistration of 10 mg of morphine on the first postoperative day.
he chest tube was removed on the first day after the operation
fter radiologic confirmation of full lung re-expansion.
ollow-up
he follow-up assessments were performed 1 week, 6 months, and 1,
, 3, and 5 years after the procedure. The basal capillary flow and the
aximal refilling time after 1-minute occlusion were measured by
sing the laser-Doppler technique. Capillaroscopy was performed,
nd the patients’ symptoms were recorded with a VAS.
The results of laser-Doppler measurements were compared
ith the data obtained in the group of 50 healthy individuals.
tatistical Analysis
tatistical analysis was performed with the STATISTICA 7.1
oftware package. For all the variables analyzed, descriptive sta-
istics were calculated: mean value, standard deviation, and 95%
onfidence interval (CI). Analysis of variance with repeated mea-
ures (multivariate tests) was used for analysis of changes in time.
f the effects were significant, the post-hoc test (HSD Tukey test)
as used. For comparison with the control group, univariate anal-
sis of variance was used. If the effects were significant, the
unnett test and the HSD Tukey test were used for detailed
ypothesis verification. The level of significance was set at .05.
esults
n the control group the basal capillary flow was 25.1 PU
95% CI, 23.1–27.1), and the maximal refilling time after
-minute occlusion was 4.8 seconds (95% CI, 4.5–5.2).
In the RD group the preoperative basal capillary flow
as 12.1 PU (95% CI, 10.6–13.7), and the maximal refill-
ABLE 1. Basal capillary flow and the maximal refilling tim
reoperative values compared with measurements 7 days,
ime period Preoperative 7 d 6 mo
asal capillary
flow* (PU)
12.1 (10.6–13.7) 33.2 (28.5–38.1) 30.8 (25.2–36.
aximal refilling
time* (s)
23.7 (18.1–29.3) 6.1 (5.3–6.9) 5.4 (3.8–6.9)
U, Periflux unit. *Mean value (95% confidence interval).ng time after 1-minute occlusion was 23.7 seconds (95% e
430 The Journal of Thoracic and Cardiovascular Surgery ● JunI, 18.1–29.3). The preoperative VAS score for excessive
weating, as well as for symptoms of Raynaud phenome-
on, was 10 in all patients.
All patients were available for the 5-year follow-up. The
asal capillary flow at 7 days, 6 months, and 1, 2, 3, and 5
ears after sympathectomy was, respectively, 33.2 PU (95%
I, 28.5–38.1), 30.8 PU (95% CI, 25.2–36.5), 28.6 PU
95% CI, 26.3–30.9), 27.6 PU (95% CI, 24.3–30.8), 26.1
U (95% CI, 22.6–29.5), and 23.1 PU (95% CI, 20.7–25.5;
able 1 and Figure 2, A). The Tukey test has shown a
ignificant difference for each follow-up measurement com-
ared with the preoperative values (P  .000026) and no
ignificant difference between any pair of postoperative
easurements (P  .00001). Compared with the control
roup, the basal capillary flow in the RD group was signif-
cantly greater 1 week and 6 months after sympathectomy
P  .000019 and .00072, respectively) and not signifi-
antly different during the rest of the follow-up (P 
46–.99).
The maximal refilling time at 7 days, 6 months, and 1, 2,
, and 5 years after sympathectomy was, respectively, 6.1
econds (95% CI, 5.3–6.9), 5.4 seconds (95% CI, 3.8–6.9),
.0 seconds (95% CI, 4.4–7.6), 6.6 seconds (95% CI, 4.5–
.6), 7.0 seconds (95% CI, 4.8–9.3), and 8.0 seconds (95%
I, 5.3–10.8; Table 1 and Figure 2, B). The Tukey test has
hown a significant difference for each follow-up measure-
ent compared with the preoperative values (P  .000026)
nd no significant difference between any pair of postoper-
tive measurements (P  .61–1.0). There was no difference
n the maximal refilling time between any of the postoper-
tive measurements in the RD group and those in the
ealthy control group (P  .058–.99).
The results of patients’ symptom severity with the VAS
or Raynaud phenomenon and for hyperhidrosis are pre-
ented in the Figure 3. The difference between the preop-
rative values and any of the postoperative measurements
as significant (P  .05).
Compensatory hyperhidrosis was noted in 7 (28%) of 25
atients after sympathectomy and was mild in all of them.
iscussion
everal authors assessed the microcirculation using differ-
fter the 1-minute occlusion in the Raynaud disease group:
onths, and 1, 2, 3, and 5 years after sympathectomy
1 y 2 y 3 y 5 y
8.6 (26.3–30.9) 27.6 (24.3–30.8) 26.1 (22.6–29.5) 23.1 (20.7–25.5)
6.0 (4.4–7.6) 6.6 (4.5–8.6) 7.0 (4.8–9.3) 8.0 (5.3–10.8)e a
6 m
5) 2nt indirect techniques, including evaporation and skin con-
e 2007
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G
TSFigure 2. A, Basal capillary flow in 25 patients with Raynaud disease (RD). The follow-up values are significantly
higher than the preoperative values and are higher or not significantly different than those in the healthy control
group. B, The maximal refilling time after 1-minute occlusion in 25 patients with RD. The follow-up values are
significantly lower than the preoperative values and not significantly different than those in the healthy control group.The Journal of Thoracic and Cardiovascular Surgery ● Volume 133, Number 6 1431
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TSuctance,9 pulse oximetry,10 skin temperature,11-18 infrared
ermography,19,20 and the sympathetic skin response.21-23
he only technique of direct measurement of capillary
lood flow is laser-Doppler flowmetry,12,24-27 the likely
tandard modality in studies of microcirculation.
In studies assessing the usefulness of laser-Doppler flow-
etry in the diagnosis of RD, blood flow alterations have
een shown in both primary and secondary RD.28,29 The
iagnostic value of this technique was confirmed in other
tudies.24,30,31 This is consistent with our results, showing a
ignificant difference in the basal capillary flow and the
aximal refilling time after 1-minute occlusion between
atients with RD and healthy control subjects. In one study
he difference between the maximal refilling time in patients
ith primary RD and healthy control subjects did not reach
he level of significance; this could have been due to the
mall number of patients (n  13).32
Data regarding the late results of thoracic sympathec-
omy in patients with RD based on studies with subjective
ssessment modalities are generally discouraging. The long-
erm recurrence rate in patients with RD, assessed by using
elf-assessment questionnaires, ranged from 55%33 to
2.1%.34 In other series persistent or recurrent symptoms
ere present after 6 months to 1 year in all patients treated
ith sympathectomy.35-37 This has led Coffman38 to the
onclusion that “surgical sympathectomy in RD has not
een beneficial.” The reasons for this very high recurrence
ate are unknown. However, in a study assessing resympa-
hectomy for recurrent palmar hyperhidrosis, Shim and col-
eagues39 found that in 86.1% of patients, surgical errors
ere made during the primary operation (intact sympathetic
hain in 11.1%, incomplete sympathectomy in 16.7%, par-
Figure 3. The visual analog scale (VAS) score of Raynau
RD symptoms, being almost totally abolished directly after
of their initial severity after 5 years of follow-up. The incial reattachment of the chain in 16.7%, improper ganglion
432 The Journal of Thoracic and Cardiovascular Surgery ● Junocation in 11.1%, and surgical clip slipping out in
0.5%).39 This emphasizes the importance of a meticulous
urgical technique for avoiding symptom recurrence.
Contrary to the opinions mentioned above, our results
ave shown significant and long-lasting improvement in the
asal capillary blood flow and the maximal refilling time
fter 1-minute occlusion. The postoperative values were not
ignificantly different from those in the healthy control
roup, and this effect was maintained during the entire
-year follow-up period.
The analysis of the VAS scores shows that symptoms of
yperhidrosis were almost permanently abolished (only
1% of their initial severity after 5 years of follow-up),
hereas symptoms of RD reappeared with time but with
ild intensity, reaching 28% of their initial severity after 5
ears of follow-up. The discrepancy between patients’
ymptoms and the objectively measured capillary blood
ow might be due to the cumulative effect of different
actors, including psychogenic factors, on the symptoms.
lthough the capillary blood flow is the most important
arameter, other factors might contribute to the mild wors-
ning in the patients’ self-assessment. The lack of correla-
ion between symptoms and objectively measured variables
egarding RD and palmar hyperhidrosis was also reported
y other authors.21,40
onclusions
1. Thoracic Th2-Th4 sympathectomy in patients with RD
results in significant improvement of capillary blood flow,
reaching a level that does not differ from that seen in
healthy subjects.
2. This effect remains at a level not different than that seen in
ase (RD) symptoms and symptoms of hyperhidrosis. The
ympathectomy, increase slightly over time, reaching 28%
e of hyperhidrosis symptoms is less noticeable.d dise
the s
reasthe healthy population over a 5-year follow-up period.
e 2007
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G
TS3. The symptoms of RD, as self-assessed by the patients,
reoccur to a moderate degree with time after the
sympathectomy.
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